Background: Heavy metals, which constitute a major public health concern, are known to accumulate in food and fruits during plants growth. Fruits which are readily consumed because of their characteristic sweet taste and potential health benefits stand a major risk of heavy metal intoxication. Hence, this study assessed some fruits commonly sold in Enugu, Nigeria for their nutrients, antioxidant potential and possible contamination with lead, cadmium and Nickel. Results: All the ten fruits of five species (apple, pineapple, orange, watermelon and banana) analysed contained glucose, sucrose and phosphates. The fruits were generally acidic with pH ranging from 3.34 to 5.07. South African water melon had the highest pH of 5.07 while the lowest was Nigerian pineapple (3.34). The acidity was generally low, with the highest acid concentration recorded in Nigerian pineapple (0.54 %) while American apple had the lowest acid concentration of 0.07 %. Ascorbic acid was present in all the fruit samples and was highest in oranges and pineapples. All the fruit samples possessed antioxidant activity to scavenge H 2 O 2 but did not correlated (p = 0.973) with the ascorbic acid level. Cadmium and lead were non detectable in all the fruit samples but nickel was detectable in seven samples between 0.03 and 0.09 mg/L. The Nickel level of Egyptian orange, Nigerian orange, Nigerian banana and South African water melon were slightly above the 0.07 mg/L maximum contaminant level of United State Environmental Protection Agency and World Health Organisation. Conclusion: The fruits are safe for consumption and do not constitute a risk of heavy metal intoxication to warrant public health concern.
Background
Fruits are generally one of the most consumed foods on a daily basis because of their sweet taste. Majority of fruits are generally sweet because of their richness in sugar. The sugar content of fruits varies depending on the type of fruit and the location of cultivation (Forney and Breen 1986) . All sweet fruits are rich in fructose, but vary in their amount of glucose, sucrose and sorbital (Murphy and Johnson 2003) . Fructose also known as fruit sugar is one of the most abundant sugars found in fruits. It has the same caloric value as sucrose but is much sweeter in taste (Lee et al. 1970) . Because of the richness in sugar, fruits have been of great economic purposes. They are very important raw material for brewery companies as the sugar content is usually extracted in the form of syrup for the production of soft drinks and juices (Ashurst et al. 2005) . Apart from their characteristic taste and commercial uses, fruit consumption is highly recommended because of the nutritional (Willett 1994 ) and health benefits (Liu 2003) .
Fruits are rich in nutrients such as carbohydrate, protein, lipids, vitamins, minerals, fiber etc. which have various functional roles in the body (Craig and Beck 1999) .
Carbohydrates, the most abundant nutrient is essential to provide energy for the body while proteins such as pectinesterase aid in digestion and others for growth. Lipids also serve as energy source as well as important constituents of cell membranes (Kalt 2002) . Vitamins are essential components of enzymes and important for various metabolic processes (Mozafar 1994) . Apart from the organic constituents, inorganic constituents such as phosphates are also of nutritional importance. Phosphate serves as buffer in body fluids for various metabolic processes (Hays and Swenson 1985) and is a constituent of bone, teeth, adenosine triphosphate (ATP) for energy generation, and also involved in the synthesis of phospholipids and phosphoproteins (Soetan et al. 2013) . Acids are present in the human body in minute quantities for various functions. Most importantly, they are present in the gastrointestinal tract for digestion and to killing bacteria.
The initiation and progression of certain diseases such as diabetes, cancer, cardiovascular disease, inflammatory diseases etc. (Young and Woodside 2001; Valko et al. 2007 ) are as a result of oxidative stress (Kohen and Nyska 2002) , a condition characterized by excessive generation of reactive oxygen species (ROS) (Winterbourn 2008) beyond the capacity of the natural antioxidant defence system of the body (Kunwar and Priyadarsini 2011) . Certain fruits contain various antioxidants including vitamin C, vitamin A, vitamin E, β-carotene, polyphenols, flavonoids, etc. which have been reported to provide protection against some of these diseases (Hong et al. 1996; Dragović-Uzelac et al. 2009 ). These antioxidants can act as free radical scavengers, decompose peroxide, quench singlet and triplet oxygen as well as inhibit some enzymes that may enhance oxidation (Lien et al. 2008) . By decreasing the high levels of free radicals generated by metabolism, antioxidants decrease oxidative stress, carcinogenesis and prevent biochemical and physiological injury that can lead to functional impairment or cell death.
Because of the richness in valuable nutrients and potential health benefits, fruits are readily consumed on a daily basis. The high consumption of these fruits may expose humans to heavy metal intoxication. Fruits contamination by heavy metals is a major aspect of health concern (Ibrahim et al. 2006) . During plant growth, certain essential minerals for growth and development like magnesium, iron, manganese, zinc, copper, molybdenum and nickel are usually absorbed from the soil (Yang et al. 2003) . However, plants can also accumulate other metals such cadmium, chromium, silver, selenium, lead, mercury etc. which do not have any biological importance but rather have harmful effect to the body (Shaw et al. 2004; Duffus 2002) . These heavy metals have the potential of causing acute and chronic toxicity by various modes of action in humans (Sharma and Agrawal 2005) . Lead can affect the circulatory renal system which is characterized by mild glucosuria, aminoaciduria, and hyperphosphaturia in the kidney (Staudinger and Roth 1998) and may impair the central nervous system (CNS) especially in children (Lidsky and Schneider 2003) . In blood, it can inhibit baminolevulinic acid dehydratase (ALA-D) as well as haem synthetase causing the accumulation of ALA-D and free erythrocyteprotoporphyrin (FEP) respectively which at higher levels may eventually lead to anaemia (Lockitch 1993) . Cadmium, another heavy metal of concern is mostly responsible for kidney dysfunction which is characterized by the presence of proteins in urine such as α 2, β 2 and γ-globulin (Godt et al. 2006) . Long term accumulation of cadmium may lead to cancer since it is a carcinogenic element (Rubio et al. 2006) . However, nickel which is an essential trace element in several animal species, plants and prokaryotic organisms is thought to undergo redox metabolism generating the trivalent form thus forming reactive oxygen species (ROS) (Wang et al. 1993) . Also, in experimental animals, nickel has been shown to induce cancer with nickel subsulphide and β-nickel monosulphide considered the most potent carcinogens (Jarup 2003) .
Thus, this study was aimed to characterize certain fruits sold in Enugu Nigeria for their nutrients content and antioxidant potential. However, because of the tendency of possible contamination with heavy metal during growth, the fruits were also assessed for the presence of cadmium, lead ad nickel.
Methods

Collection of fruit samples and extraction of juice
A total of ten fruits of five species locally known as apple, pineapple, orange, watermelon and banana were obtained for the study. A number of six imported fruits were purchased from a grocery store while four local fruits were purchased from Ogbete market in Enugu Metropolis of Enugu state Nigeria. The fruits were kept in standard refrigerating storage facilities and transported to the Chemistry Laboratory of Godfrey Okoye University, Enugu Nigeria. After the edible fruits parts were ground, the juice was obtained by cold press method and filtered (Trappey et al. 2008) . For fruits that do not contain juice such as banana, the grounded pad was diluted with deinoised water.
Nutrient analyses
The presence of sugars, proteins and phosphates in the fruit samples was detected using Official Methods of Analysis of AOAC International (AOAC, 2005) . Acidity was determined according to the relevant AOAC procedure as well.
Test for sugars
The presence of sugar was determined using Benedict's reagent. A volume of 3 mL of the fruit samples was transferred in a test tube followed by 2 ml of Benedict's solution and heated to boiling in a water bath for 5 min. A reddish colour was an indication for the presence of sugar in the fruits.
Test for reducing sugars
Fehling's test was used to determine the presence of reducing sugar in the fruit. A volume of 3 mL of the sample was transferred in a test tube followed by 2 mL of a 1:1 mixture of Fehling's A and Fehling's B. The test tube was heated to boiling in a water bath for 10 min and the presence of reducing sugar was confirmed by the appearance of a brown precipitation.
Test for phosphates
Into separate test tubes was transferred 3 ml each of the fruit samples. A volume of 2 mL of ammonium molybdate followed by 2 mL of concentrated HNO 3 was added. The solution was heated to boiling in a water bath for 10 min and appearance of canary-yellow precipitate confirmed the presence of phosphate ions in the fruits.
Test for proteins (Biuret test)
Biuret's reagent forms purple coloured cupric ion complexes with peptide bonds in an alkaline medium. A volume of 3 mL of each fruit juice extract was transferred into separate test tubes and 3 ml of Biuret's reagent was added to each sample. The presence of a purple colouration indicated the presence of proteins in the fruits.
Determination of acid concentration
The concentration of the acid was determined by titrating the sample against with a standard NAOH solution. A volume of 10 mL of the prepared sample was added in a beaker followed by 2 drops of 1 % phenolphthalein. A volume of 1 mL of 0.1 M NAOH filled in a 25 mL burette was titrated into the beaker containing the fruit sample. Small amount of NAOH was further titrated until the end point was attained, marked by a colour changed from colourless to pink. The total volume of sodium hydroxide consumed was used to determine the acid concentration.
Determination of pH
The pH was read using a pH meter. The electrode was put into small quantities of each sample just enough to cover the bulb of the electrode. The electrode was left in the sample until a stable reading was obtained.
Determination of ascorbic acid concentration
It was done by using iodometric titration method (Dumbravă et al. 2011) . A volume of 50.00 mL of fruit juice extract was put in a 125 mL Erlenmeyer flask. About 10 drops of starch indicator was added to the sample. The prepared iodine solution was titrated against the sample until the endpoint was reached (the first sign of blue color that remains after at least 20 s of swirling). The final volume obtained at the end point was recorded. The same procedure was done for standard ascorbic acid. The titration was repeated and the average titre value was taken. The concentration of ascorbic acid was calculated as shown below;
Where; Iodine 1 : average volume of iodine (mL) needed to titrate the ascorbic standard solution, Iodine 2 : average volume of iodine (mL) needed to titrate fruit sample solution, Vitamin C 1 : amount of standard ascorbic (mg), Vitamin C 2 : amount of fruit sample (mg).
Determination of Hydrogen Peroxide (H 2 O 2 ) Scavenging Activity
Scavenging activity of the fruit extract was estimated using the method of Ruch et al. (1989) . A volume of 4 mL of the fruit juice extract was mixed with 0.6 mL of 4 mM H 2 O 2 solution prepared in phosphate buffer (0.1 M p H 7.4) and incubated for 10 min. The absorbance of the solution was taken at 230 nm against blank solution containing the plant extract without H 2 O 2. The amount of hydrogen peroxide radical inhibited by the fruit was calculated using the following equation:
Where; Abs control is the absorbance of H 2 O 2 radical + solvent; Abs sample is the absorbance of H 2 O 2 radical + fruit sample.
Determination of heavy metals in fruits Sample preparation
Before the samples were analysed for heavy metals, they were digested according to the method of Wallace (2001) . A volume of 10 mL of 69 % concentrated HNO 3 was added to 25 mL of the sample and the mixture was evaporated on a hot plate in a fume cupboard until brown fumes disappear leaving white fumes. A volume of 50 mL of distilled water was added to the solution and concentrated by evaporation on a hot plate to 25 mL. A volume of 25 mL of distilled water was added to the concentrated solution to make up the volume to 50 mL. The solution was then filtered and kept for Flame Atomic Absorption Spectrophotometer (FAAS) analysis using 210GVP Atomic Absorption Spectrophotometer by Buck Scientific Inc., East Norwalk, USA.
Preparation of metal ion solution and ASS analysis
The preparation of metal ion solution for the FAAS analysis was done using the calibration plot method described in the British Pharmacopoeia (2005) . A 1000 ppm stock standard solution of the metal ion was prepared by dividing the molar mass of the compound containing the element by the molar mass of the element. The weight obtained was considered to be equivalent to 1.0 g of the metal ion. A corresponding volume of fruit solution (equivalent to 1.0 g of the metal) was dissolved in 1000 ml to give 1000 ppm. A working solution of 100 ppm was prepared from the stock solution of the fruit and absorbance of these solutions was obtained using the AAS at 228.9, 283.3 and 341.5 nm for cadmium, lead and nickel respectively. The analysis for each sample was done in triplicates and the standard deviation was used to determine the precision. The limit of detection for each element was derived from the standard deviation and calculated based on the blank measurement. Deionised water was used as reagent blank for control. A calibration curve was plotted from a minimum of three standards and the concentration of the metals was derived from the regression equation. The calibration curve was derived from the standard solution at five points ranging in concentrations from 0.5 to 10 mg/dl.
Statistical analysis
The data obtained was analyzed using statistical package for social sciences (SPSS) version 16.0 and presented as figures. Pearson correlation was applied to evaluate the relationship between ascorbic acid level and hydrogen peroxide scavenging activity. The acceptance level of significance was P ≤ 0.05.
Results
Fruits studied and countries of their origin are summarized in Table 1 . Qualitative analysis showed the presence of glucose, sucrose and phosphate in all the fruit samples. Phosphate was abundantly present in American apple and moderately present in South African apple and Egyptian orange. Protein was present in six samples while it was non detectable or present in very low level in four samples ( Table 2 ). The results of the pH, acidity, ascorbic acid and antioxidant activity are shown in Table 3 . The fruits were generally acidic with pH ranging from 3.34 to 5.07. South African water melon had the highest pH of 5.07 while the lowest was Nigerian pineapple (3.34). The acidity was detectable in seven samples and generally low, with the lowest acid concentration recorded in American apple (0.07 %) while Nigerian pineapple had the highest acid concentration of 0.54 %. Ascorbic acid was present in all the fruit samples and highest in oranges and pineapples. The highest acid level was in Nigerian orange (199 mg/L) and least in Nigerian water melon (17 mg/L). Also, all the fruit samples showed antioxidant activity to scavenge H 2 O 2. The highest activity was observed in America apple (97 %) while the lowest was in Nigerian water melon (22 %). Pearson correlation showed no association (p = 0.973) between ascorbic acid level and H 2 O 2 scavenging activity (Table 3 ). The pH, acidity, ascorbic acid and H 2 O 2 scavenging activity of the various fruit samples is summarized in Fig. 1 . Nickel was detectable in seven samples with Egyptian orange, South African water melon and Nigerian banana having the highest concentration of 0.09 mg/L. Cadmium and lead were non detectable in all the fruit samples (Table 4) .
Discussion
Most fruits are generally sweet. This constitutes one of the main reasons why they are readily consumed. In this study, glucose and sucrose were present in all the fruit samples. This confirms the sweet taste of the fruits and their usefulness in the production of soft drinks which has also being shown to be rich in sugar (Engwa et al. 2015) . Phosphates are present in all cells of the body especially in cell membrane and body fluids. They are constituent of nucleic acids, teeth and bones and energy storage in the form of ATP. Their deficiencies have been related to poor growth and development (Penido and Alon 2012; Panich and Poolthong 2009) . In this study, phosphate was present in all the fruit samples. Phosphates have shown to be readily obtained from dietary sources such as fruits and vegetables (Besford 1979) . This provides an added advantaged in consuming these fruits for various health benefits. In general, fruits with a pH below 5 have been known to trigger dental erosion effects particularly citrus fruits (Larsen and Nyvad 1999) . All the fruits analyzed where acidic in nature with pH below 5 and as low as 3 for oranges and pineapples. However, the acid concentration was very low less than 1 %. This may suggest that the fruit acidity is not a major risk factor for tooth erosion. Hence, their consumption may rely on the health benefits attributed to them rather than the likelihood of causing teeth erosion.
Dietary substances such as vitamins C, E, A, polyphenols etc., known to scavenge free radicals thereby removing them from the body are of importance to supplement the natural antioxidant defence system in oxidative stress conditions (Seifried et al. 2007) . In this study, all the fruits possess antioxidant activity as were found to scavenge H 2 O 2 , with American apple showing the greatest activity while Nigerian watermelon showed the lowest activity. The antioxidant activity varied among the various food type and location (Carlsen, et al. 2010) . One of the main substances known to contribute to the antioxidant activity of fruits is ascorbic acid (Kalt et al. 1999) . Ascorbic acid or vitamin C have being shown to eliminate several ROS, hence, the ascorbic acid content of the fruits was quantified. All the fruits were shown to contain ascorbic acid with pineapple and oranges having the highest amounts. The quantity of ascorbic acid varied among the various fruits. Previous studies have also shown the content of ascorbic acids to vary in different fruits (Szeto et al. 2002) . Apart from the antioxidant activity, ascorbic acid has been known to have other important functions in the body. Ascorbic acid keeps α-tocopherol, a membrane bound antioxidant in its reduced state thereby enhancing its antioxidant activity (Arrigoni and DeTullio 2000) . Also, ascorbic acid acts as a cofactor of some enzymes to maintain their activity and a substrate for oxalate and tartrate biosynthesis (Benzie 1999) . More so, when the ascorbic acid content was evaluated for association with the antioxidant activity, the result showed no correlation (p > 0.05) suggesting that the antioxidant activity is not dependent on the ascorbic acid level. This is in contrast to the findings of other previous studies which showed a correlation between ascorbic acid level in fruits and their antioxidant activity (Benzie et al. 2009; Dumbravă et al. 2012) . Therefore, other antioxidants such as vitamins and polyphenols present in fruits other than ascorbic acid which were not quantified may also have contributed to antioxidant activity.
Heavy metal analysis showed the absence of cadmium and lead in all the fruit samples as were non detectable. In contrast, seven samples contained nickel in varying amounts with Egyptian Orange, South African watermelon and Nigerian banana containing the highest amounts. This confirms the findings of previous studies which have shown nickel to be present in fruits and vegetables (Sobukola et al. 2010; Divrikli et al. 2006) . Nickel is one of a few heavy metals whose state remains contradictory to whether they are useful or harmful to the body. Though they have been considered to be essential in animals, microorganisms and plants, they have also being noted to have delirious effects to man. Nickel is known to cause liver, kidney, spleen, brain and tissue damage on acute exposure and it has been reported to react with iron found in haemoglobin which helps in oxygen transport (Divrikli et al. 2006) . Out of the seven samples, four fruits contained nickel above the maximum contaminant level of United State Environmental Protection Agency (USEPA 2011) and World Health Organisation (WHO 2011) of 0.07 mg/L. This includes Egyptian orange, Nigerian orange, Nigeria banana and South Africa watermelon with a maximum concentration of 0.09mg/L. Though the level of nickel in these fruits are slightly above the USEPA and WHO limits, they are not significantly different to pose health concern. A previous study by Orisakwe and colleagues have also shown the presence of nickel and other heavy metals in fruits sold in Owerri, South Eastern Nigeria (Orisakwe et al. 2012) . 
Conclusion
In addition to the presence of sugar which gives fruit its sweet taste, all the fruits were rich in phosphates, ascorbic acid and of low pH which are beneficial to the body. More so, their capacity to scavenge free radical could be of major health importance in oxidative stress conditions and diseases. Though lead and cadmium, the most toxicity heavy metals were absent in the fruits, nickel which does not constitute a major health concern was present in some fruits. Thus, the fruits are safe for consumption and do not pose any risk of public health concern. 
